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化比 O-磷酸化约早 20 年被发现，实验表明，在真核生物细胞核内就存在约 6 %
的磷酸化组氨酸（pHis）修饰。据推测这些蛋白的 N-磷酸化修饰参与了核小体



































验验证了兔多克隆抗体具有较高的活性，可以用于 WB 实验检测 pArg 蛋白；利























Proteins have many kinds of post-translational modifications (PTMs), including 
methylation, acetylation, phosphorylation and so on. Phosphorylation is recognized as 
the important ―switch‖ of regulating the functions of proteins and the key mechanism 
of intracellular signaling pathway. It has significant relationship with variety of 
diseases. There have been nine amino acids reported to be phosphorylated naturally, 
including phospho-serine, phospho-threonine, phospho-tyrosine formed in 
phosphoester by P-O bond, phospho-histidine, phospho-arginine, phospho-lysine 
formed in phosphoramidate by P-N bond, phospho-aspartic acid, phospho-glutamic 
acid formed in acyl phosphorylation and phospho-cysteine formed in 
sulferphosphorylation.The N-phosphorylation was found 20 years earlier than 
O-phosphorylation and exist widely in botany, fungus and eucaryotesand pHis has 
been reported to account for 6% of the total phosphorylation in eukaryotes. These 
N-phosphorylation has been expected to participate in the assembling of nucleosome, 
regulation of transcription and signaling pathway. Due to the high reactivity of the 
P-N bond, the study about the n-phosphorylation has been lagged for a long time. As 
the improvement in preparation of antibody and technology of mass analysis, the 
poly-antibody against pHis was first prepared and the characteristic fragmentation 
patterns of pHis were found. In 2009, the first protein arginine kinase, McsB, was 
identified in the Gram-positive model organism Bacillus subtilis. These critical 
progress contributed a lot to the study of P-N bond.  
To further study the P-N bond and based on the fact that our group has been 
devoted to studying the phosphorus chemistry and has totally understanding of P-N 
bond, our group is aiming at building a study direction of proteomics using antibodies 
against pHis and pArg. This thesis mainly focuses on two topics: 
First, eatablish an efficient and convenient method to prepare phosphoramidate. 















monoantibody against pHis. Thus, a convenient and efficient method to prepare 
pHis-containing protein is very necessary. As we know, phosphoramidate can be used 
to phosphorylate histidine. We used sodium trimetaphosphate (P) and ammonia as the 
starting materials which is convenient and green for preparing sodium 
phosphoramidate (SPA). The productivity can reach 86 %, which is much higher than 
the traditional method, 33 %. The synthesized SPA can be used to prepare pHis, 
pHis-containing peptide and pHis-containing protein. We used the NMR and mass 
techniques to study the condition and mechanism of the reactions and build a 
systematic method which could be used to prepare pHis-containing proteins. This 
method does a lot good to study of pHis. 
Second, establish method of finding and identifying proteins containing pArg in 
eukaryote cells. Based on the design of stable analog, our group has successfully 
obtained polyantibody against pArg from mouse and rabbit, respectively. We used 
antibody from rabbit in this thesis because of the limited quantity of mouse serum. We 
firstly tested the activity of antibody in protokaryon by western blot, which proved 
that antibody could be used in detecting pArg protein. Then we screened the cell line 
by WB using rabbit antibody and finally chose 293T and Jurkat as the study systm. 
Then we develop an affinity purification method to purify the antibody from serum 
effectively and do immune precipation and mass identification by the purified 
antibody. Our group is still dedicated to improving the related work about antibody 
against pArg richment. The work in this thesis provide technical support for finding 
and identifying proteins containing pArg, even the study of biological functions. 

















符号 英文含义 中文含义 
PTMs Post-translational modifications 翻译后修饰 
pHis Phosphorylated histidine 磷酸化组氨酸 
pArg Phosphorylated arginine 磷酸化精氨酸 
PPA Potassium phosphoramidate 磷酰胺钾盐 
SPA Sodium phosphoramidate 磷酰胺钠盐 
P3m Sodium trimetaphosphate 偏三聚磷酸钠 
pSer phosphoserinine 磷酸化丝氨酸 
pThr phosphothreonine 磷酸化苏氨酸 
pTyr phosphotyrosine 磷酸化酪氨酸 
pAsp phosphoasparagic acid 磷酸化天冬氨酸 
B. subtilis Bacillus subtilis 枯草芽孢杆菌 
IMAC immobilized metal affinity chromatography 固相金属亲和色谱 
MOAC metal oxide affinity chromatography 金属氧化物亲和色谱 
IEC ion exchange chromatography 离子交换色谱 
IP immunoprecipitation 免疫沉淀 
co-IP co-immunoprecipitation 免疫共沉淀 
ChIP chromatin immunoprecipitation 染色质免疫沉淀 
ESI-MS Electrospray Ionization Mass Spectrometry 电喷雾电离质谱 
NMR Nuclear Magnetic Resonance 核磁共振 
31
P-NMR Phosphorus Nuclear Magnetic Resonance 核磁共振磷谱 
CID Collision Induced Dissociation 诱导碰撞解离 
HCD Higher-energy Collision Dissociation 高能碰撞解离 
ETD Electron transfer dissociation 电子转移裂解 
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以 P-O 键连接的磷酰酯类如磷酸化丝氨酸和以 P-N 键连接的磷酰胺类如磷酸化
组氨酸[3]。虽然磷酰胺类氨基酸在原核生物与真核生物中都起到了重要的调节作


































水平上进行，通过 mRNA 剪切，包括组织特异性选择性剪切。[5, 6]第二种方法就
是蛋白质上一个或者多个位点的翻译后修饰。[2]正如其字面意思，这些共价修饰
发生在 DNA 转录为 RNA 并且已经翻译为蛋白质之后。在生理条件下稳定的初
生蛋白或者折叠蛋白，会在酶的催化下在其侧链或者骨架上发生修饰反应。高等
真核生物中 5 %的基因组能够用于编码实施翻译后修饰的酶。有多种酶参与各种








表 1.1 常见组蛋白修饰与功能 
Table 1.1 Common modifications on histones and corresponding functions 
组蛋白 修饰位点 修饰类型 主要功能 
H S1 磷酸化 抑制基因转录 
 K5 乙酰化 激活基因转录 
H K5,K12 乙酰化 激活基因转录 
 S14 磷酸化 细胞凋亡，DNA 修复 
 K15，K20 乙酰化 激活基因转录 
 S33 磷酸化 细胞周期演进和发育 
 K123 泛素化 调节 H4 甲基化 
H3 T3 磷酸化 细胞分裂染色体排列 
 K4 甲基化 激活基因转录 
 R8 甲基化 调节细胞生长和增生 
 K9 甲基化 调节染色质结构 















 K14,K18，K23 乙酰化 激活基因转录 
 R17 甲基化 激活基因转录 
 S28 磷酸化 细胞分裂，细胞凋亡 
H4 S1 磷酸化 DNA 损伤修复 
 K5，K8，K12,K16 乙酰化 激活基因转录 
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